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Using realistic three-body wave functions corresponding to the J4V18 interaction, it is shown 
that the effects of the Final State Interaction (FSI) in the exclusive processes 3 He{e,e'p) 2 H and 
3 He(e, e'p)(pn), can be successfully treated in terms of a Generalized Eikonal Approximation (GEA) 
based upon the direct calculation of the Feynman diagrams describing the rescattering of the struck 
nucleon. The relevant role played by the double rescattering contribution at high values of the 
missing momentum is illustrated. 
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Recent experimental data from Jlab on exclusive 
electro-disintegration of 3 He 0, 0, 0] are atpresent the 
object of intense theoretical activity (see ^[ 0, El an d 
References therein). In Ref. [j| (to be quoted hereafter 
as I) the 2-body break up (2bbu) and 3-body break up 
(3bbu) channels, 3 He(e,e'p) 2 H and 3 He(e, e'p)(pn) re- 
spectively, have been calculated within the following ap- 
proach: i)initial state correlations (ISC) have been taken 
care of by the use of the status-of-the-art few-body wave 
functions Q corresponding to the interaction ||; 

ii)fmal state interactions (FSI) have been treated by a 
Generalized Eikonal Approximation (GEA) GEA 
represents an extended Glauber-type approach (GA) 
based upon the evaluation of the relevant Feynman dia- 
grams that describe the rescattering of the struck nucleon 
in the final state, in analogy with the Feynman diagram- 
matic approach developed for the treatment of elastic 
hadron- nucleus scattering 0, |^. The Feynman dia- 
grams pertaining to the process 3 He(e, e'p)X (with X = 
2 H or (pn)) are shown in Fig. 1. In / the theoretical cal- 
culations have been compared with the preliminary Jlab 
data |3j covering a region of missing momentum and en- 
ergy with p m < 0.6 GeV/c and E m < 100 MeV. Since 
the recently published data Q, extend to higher val- 
ues of the missing momentum (p m < 1.0 GeV/c), which 
have not been considered in /, the aim of this paper is to 
analyze our predictions in the entire range of missing mo- 
mentum p m < 1.2 GeV/c. We will first of all argue that 
the missing momentum dependence of the 2bbu channel 
cross section, namely its changes of slope, can be a sig- 
nature of different orders of final state rescattering and, 
secondly, we will show that our fully parameter free calcu- 
lation can reproduce the experimental data in the entire 
range of missing momentum, with the high missing mo- 
mentum behaviour (jp m > 0.6 GeV/c) mainly governed 
by double scattering effects. Although the details of the 
theoretical approach can be found in I, it is worth briefly 
recalling the basic assumptions underlying GA and GEA. 



The former is based upon the following approximations: 
i) the nucleon-nucleon (NN) scattering amplitude is ob- 
tained within the eikonal approximation; ii) the nucleons 
of the spectator system A — 1 are stationary during the 
multiple scattering with the struck nucleon ( frozen ap- 
proximation) ; iii) only perpendicular momentum transfer 
components in the NN scattering amplitude are consid- 
ered. In GEA the frozen approximation is partly removed 
by taking into account the excitation energy of the A — 1 
system, resulting in a longitudinal momentum transfer 
dependence of the standard GA profile function. Let us 
omit (see / for details) any discussion concerning the as- 
sumptions and approximations which, starting from the 
Feynman diagrams shown in Fig. 1, allow one to ob- 
tain a calculable cross section, and let us instead write 
down the final expression for the latter; for the processes 
3 He(e, e'p)X, one has 

of a 

dE'd£l'dp m ~ 

= K(Q 2 ,x,p m )a eN (Q 2 ,p m )P^ 1 (p m ,E m ), (1) 

where Q 2 = -q 2 = — (k — k 1 ) 2 = q 2 - q 2 = AEE 1 sin 2 9/2 
is the four-momentum transfer; x — Q 2 /2Mjv?o is the 
Bjorken scaling variable; Q 2 =q 2 — q 2 (q = q + M 3 — 

^(k 2 + (Ml) 2 - ^ki 2 +M 2 ,); M 3 is the mass of 3 He 

and MjJ = M 2 + E[ the mass of the two-nucleon sys- 
tem in the final state with intrinsic excitation energy E 2 ; 
Pm = q Pi = P2 and E m = E min + E' 2 are the missing 
momentum and energy, respectively; the threshold and 
intrinsic excitation energies are E m i n = E3 — E2 (E m i n — 
E 3 ) and E% = ( E s 2 = t 2 /M N , t = for the 

2bbu (3bbu) channel, respectively; E 2 (E 3 ) are the (pos- 
itive) ground-state energy of 2 H ( 3 He). The quantity 
K(Q 2 ,x,p m ) is a kinematical factor, a eN (Q 2 ,p m ) is the 
cross section describing electron scattering by an off-shell 
nucleon, and, eventually, P^ 1 (p m ,E m ) is the Distorted 
Spectral Function containing the effects from ISC and 
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FIG. 1: The Feynman diagrams representing the PWIA (a), the single (b), and double (c) rescattering in the processes 
3 He(e,e'p) 2 H and 3 He(e,e'p)(np). In the former case the final two-nucleon state is a deuteron with momentum P2, whereas 
in the latter case the final state represents two nucleons in the continuum with momenta P2 and P3, with P2 = P2 + P3- The 
trivial single and double rescattering diagrams with nucleons "2" and "3" interchanged are not drawn. The black oval spots 
denote the elastic nucleon-nucleon (NN) scattering matrix. 



FSI; within GEA, one has 



Prc 1 (Pm, E m ) 



(2tt) 3 2 ^ ^ 
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n=0 



S (E m - (E( + E mrn )j 
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where M 3j M2 and si are the magnetic quantum num- 
bers of 3 He, of the two nucleon system in the final state, 
and of the struck nucleon in the continuum, respectively; 
the quantity T^ n \M 3 , M2, s\; /), which can be called 
the reduced (Lorentz index independent) amplitudes (see 
e.g J), results from the evaluation of the Feynman dia- 
grams of Fig. 1, with corresponding to the PWIA 
(Diagram 1(a)), to the single-rescattering FSI (Di- 



agram 1(b)), and Zj to the double rescattering FSI 
(Diagram 1(c)); the explicit evaluation of the diagrams 
yields 

P^f ( Pro , £ ro ) = P g F r SI ( Pm ,E m ) + P e F x SI ( Pm ,E m ), (3) 

where the first and the second terms describing the 2bbu 
and the 3bbu channel, respectively, are 



P g F r SI (p m ,E m ) = -1^1 ]T fe i P^ X \ s ^\v)S FSI {p,v)^{p,v)dpdv 



S(E m -(E 3 -E 2 )), (4) 
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with *^ e 3 (p, r), *^ 2 (r), and ** p (r), being the wave 
functions of 3 He, of the deuteron, and of the np pair 
in the continuum, respectively. Here, the FSI factor 
S^ SI , which describes the single and double rescattering 



of nucleon " 1" , has the form S^ SI (p, r) = S^ T (p, r) + 
<S£? 7 (p, r) with the single and double rescattering con- 
tributions given respectively by 



cFSI 

>->* 



(1) (p,r) = 1 - B{zi - z 1 )e iA ^-^T{h 1 - hi) ; 

i— 

(p,r)=r(bi- 

9(z 2 - Zl )0(z 3 



cFSI 
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b 2 )r(bi - b 3 ) x 
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+ 0(z 3 - Zl )9{z 2 



i(A 2 -A z )(z 2 - Zl ) 



(6) 



(7) 
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where A, = (q /\q\)(E Pi - £ k <) and A z = (q /\q\)E„ 
0. The usual Glauber FSI factor 



■PWIA 

■ PWIA+FSI (single) 

■ PWIA+FSI (single+double ) 



S^ SI (p,r) =H [l-e(z i -z 1 )T(b i -b 1 )} 



(8) 



is recovered by setting Aj = A z = 0, whereas by also set- 
ting r = 0, the usual Spectral Function is obtained. An 
inspection at Eqs. © and Q shows that by taking into 
consideration the factor A z , the frozen approximation is 
partly removed, resulting in a longitudinal momentum 
transfer correction term to the standard profile function 
of GA. Note that the conditions for the validity of the 
factorized form (1) for the cross section, have been dis- 
cussed in detail in Ref. [5] (Appendix B), showing that if 
the spin-flip part of the NN scattering amplitude is small 
and the momentum transfer in the final state rescatter- 
ing \k\ << |pi|, as it is the case for the sharply forward 
peaked NN scattering amplitude used in Glauber-type 
calculations, then factorization should occur to a large 
extent. Concerning the numerical results we have ob- 
tained, it is also worth mentioning that we found the 
effects due to the A's appearing in Eqns. (6) and (7) 
to be of the order of few percent, since, as explained in 
Ref. [5], the experimental data we are considering are 
practically at perpendicular kinematics whereas the A's 
mainly affect the longitudinal momentum distributions 
(see also Ref. [9]). 

We have used Eqs.Q and J3J to calculate the cross sec- 
tions of the processes 3 He(e, e'p) 2 H and 3 He(e, e'p)(np). 
All calculations have been performed in the reference 
frame where the axis z is directed along the momentum 
of the struck nucleon pi. The common well known pa- 
rameterization of the profile function T(b) = (7^,(1 — 
iajvAr) xexp(— b 2 / 2b^) / (4nb^) has been used, where 
is the total TV TV cross section, a nn the ratio of the real 
to imaginary part of the forward NN amplitude, and 6o 
the slope of the differential elastic NN cross section; the 
energy dependent values of these quantities have been 
taken from Ref. 0|. The electron- nucleon cross sec- 
tion cr^((5 2 ,p m ) is the one of Ref. 0. All two- and 
three-body wave functions are direct solutions of the non 
relativistic Schrodinger equation, therefore our calcula- 
tions are fully parameter free. It should be stressed, in 
this connection, that besides the GEA, no further ap- 
proximations have been made in the evaluation of the 
single and double rescattering contributions to the FSI: 
proper intrinsic coordinates have been used and the en- 
ergy dependence of the profile function has been taken 
into account in the properly chosen CM system of the 
interacting pair. 

The results of our calculation for the 2bbu channel, 
which are compared with the experimental data in Fig. 
2, deserve the following comments: i) the missing mo- 
mentum dependence of the experimental cross section 
clearly exhibits different slopes, that are reminiscent of 
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FIG. 2: The experimental data from JLab ;lj (Q 2 = 
1.55 (GeV/cf, x = 1) on the 2bbu process 3 He(e,e'p) 2 H 
vs the missing momentum p m , compared with our theoretical 
results. The dashed line corresponds to the PWIA (Eq. @ 
with S^ SI — 1), the dot-dashed line includes the FSI with 
single rescattering (S^ SI = S^f 1 ), and the full line includes 
both single and double rescattering (S^ SI = S^if 1 +S^ ! ) 
(three-body wave function from Q, AV18 interaction 



the slopes observed in elastic hadron-nucleus scattering 
at intermediate energies (see e.g. Ref. 0); ii) our calcu- 
lations, as clearly illustrated in Fig. 2, demonstrate that 
these slopes are indeed related to multiple scattering in 
the final state; iii)without any free parameter, a very sat- 
isfactory agreement between experimental data and the- 
oretical calculations can be obtained, which means that 
in the energy-momentum range covered by the data, FSI 
can be described within the GEA. In order to better un- 
derstand the role played by multiple rescattering in the 
final state, we show in Fig. 3 the separate contributions 
of the PWIA, the single and double rescattering contribu- 
tions, and the interference contributions. It can be seen 
that at p m < 0.2 GeV/c, the cross section is mainly gov- 
erned by the PWIA, at 0.2 < p m < 0.6 GeV/c, by the 
single rescattering FSI, and at p m > 0.6 GeV/c, by the 
double rescattering FSI, with the interference terms also 
providing relevant contributions in specific regions. The 
results of the 3bbu channel calculations are shown in Fig. 
4, and they also appear to be in good agreement with the 
experimental data Q, although a systematic underesti- 
mation of the latter is observed at p m — 820 MeV/c and 
E re i < HO MeV. The origin of such a disagreement, 
which might be due to MEC effects [18], non factorizing 
contributions to the cross section [6] , charge- interchange 
amplitudes, and other effects which are not included in 
our approach, is under investigation. 

To sum up, in this letter we have extended the ap- 
proach of / to the calculation of the high missing 
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FIG. 3: The partial cross sections (left) and the interfer- 
ence contributions (right) in the process 3 He(e,e'p) 2 H cal- 
culated including the full FSI. The continuous curve in Fig. 
2 is obtained by summing the partial cross sections and the 
interference contributions with the proper sign. 
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FIG. 4: The differential cross section of the 3bbu process 
3 He(e,e'p)(np) 0, plotted, for fixed values of p m , vs the ex- 
citation energy of the two-nucleon system in the continuum 
E re i = t 2 /Mjv = E( = Em — E3 . The theoretical calculations 
correspond to Eq. IpjJ and the meaning of the various curves 
is the same as in Fig. 2. The curves labelled PWA do not 
include any FSI. 



momentum part of the processes 3 He(e, e'p) 2 H and 
3 He{e, e'p)(pn). We have found that our theoretical pre- 
dictions provide a very satisfactory agreement with the 
Jlab data. Such an agreement cannot be considered for- 
tuitous, for it has been found to occur in the process 
2 H(e,e'p)n, as well as in the processes 3 He(e,e'p) 2 H 



and 3 He(e,e'p)(pn) in kinematical conditions diffe ring 
from the Jlab ones jl7j | (see /) . A recent calculation |l8| 
of the same processes we have considered in this letter 
also produced an overall good agreement with the ex- 
perimental data. The calculation of 0] is based upon 
the diagrammatic expansion developed in and the 
agreement with the experimental data at high values of 
the missing momentum is achieved by a three-body mech- 
anism in which the virtual photon is absorbed by a nu- 
cleon at rest which propagates emitting a meson, which 
is reabsorbed by the spectator nucleon pair. A careful 
comparison of our results and the ones of Ref. re- 
veals however several differences whose origin has to be 
clarified in order to better understand the basic reaction 
mechanism of the process. To this end, it would be ex- 
tremely useful to access: i) experimental data at higher 
values of p m for the process 3 He(e, e'p)X, and ii) exper- 
imental data for the process 4 He(e, e'p) 3 H, whose p m 
dependence, within the GEA, looks different from the 
one of the process 3 He(e, e'p) 2 H |20|. 
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